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INTRODUCTION

The KWIK smoke obscuration model has been described in an earlier report.l
The algorithm has been developed from well-known and easily used principles of
wmicrometeorology, atmospheric optics, turbulence, and diffusion. The general
approach for formulating the model is based upon a study by Downs2 for the

' atmospherics optics portion, Gaussian plume and puff hypotheses as discussed
by Gifford® and Pasquill,* and atmospheric stability criteria extracted from
Pasquill,S Turner,® and Smith.”

The KWIK algorithm is designed to calculate munition expenditures for finite
screen lengths and times, based upon ambient meteorological conditions, as a
function of the optical pathlength from observer to target. The diffusion
portion of the model treats both semi-continuous point source plumes and
quasi-instantaneous point source puffs. Chemically generated military smokes
considered are hexachloroethane (HC) and bulk white phosphorus (WP).

Munition expenditure estimates are presented in terms of the following
parameters:

Weapons system/number,

Screen length in meters,

Screen duration in minutes,

Rate of fire (in rounds/minute),

lymstead, R. K., R. Pena, and F. V. Hansen, KWIK: An Algorithm for
Calculating Munition Expenditures for Smoke Screening/Obscuration in Tactical
Siturations, ASL-TR-003D, US Army Atmospheric Sciences Laboratory, White 3ands
Missile Range, NM, 1979.

2Downs, A. R., A Review of Atmospheric Transmission Information in the Optical

and Microwave Spectral Regions, Report 2710, Ballistic Research Laboratory,
Aberdeen Proving Ground, MD, 1976.

3Gifford, F. A., Jr., "An Outline of Theories of Diffusion in the Lower Layers
of the Atmosphere," Meteorology and Atomic Energy (D. H. Slade, ed), US Atomic
Energy Commission, Washington, DC, 1968.

“Pasquill, F., Atmospheric Diffusion, 2nd Ed., Halsted Press, Division of John
Wiley & Sons, New York, 1974.

>Pasquill, F., "The Estimation of the Dispersion of Windborne Materiatl,"
Meteorol Mag, Vol, 90, 1961.

6Turner, D. B., "A Diffusion Model for Urban Area," J Appl Meteorol, 3:83,
1964.

7Smith, F. B., "A Scheme for Estimating the Vertical Dispersion of a Plume
from a Source Near Ground-Level," 1973 (unpublished Meteorological Office
Note).




i
5
’

Impact separations from adjustment point,
Number of rounds to establish screen,
Number of rounds to maintain screen, and
Total expenditures.

The KWIK algorithm is available in eight versions:

HP 9830A with printer output

HP 9825A with printer output,

HP 9825A CRT version,

Fortran IV version,

HP 85 with printer output,

HP 9845 with printer output,

HP 9825A volume of fire table, and
APPLE 11 version.

A1l the algorithms except the volume of fire table version are very similar.

The specifications of the storage medium required by each computer that uses
the KWIK algorithms are as follows:

(a) The HP 9830A uses a Hewlett-Packard digital cassette number 9162-0050
or equivalent. The data or program storage capacity is 64,000 bytes. The
information on the cassette tape may be protected by removing or sliding both
tabs to the top of the cassette so that an opening at each end is created.

(b) The HP 9825A uses a Hewlett-Packard tape cartridge number 9162-0061 or
equivalent. The tape is structured with two tracks (0 and 1), which may be
used to store programs, data, and instructions for special function keys. The
storage capacity of the tape cartridge is 225,000 bytes. To prevent erasures,
the record slide tab must be in the leftmost position.

(c) On the UNIVAC 1108 or equivalent (FORTRAN IV Version) the KWIK
algorithm may be stored on standard IBM computer cards, card image mass
storage, or magnetic tape units compatible with the computer being used.

(d) The HP 85 and 9845 use the same tape cartridge used with the
HP 9825. Programs are stored in 256-byte physical records. The maximum
number of bytes per record is 32,767.

(e) On the APPLE Il a 5-in floppy disk (capacity 931,000 bits) is used to
load and store the KWIK algorithm. An APPLE computer with APPLE Disk II, DOS
Version 3.2.1 is used.
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USER'S INSTRUCTIONS

This section of the user's guide is divided into eight parts, to provide
instructions for calculating munition expenditure estimates for the eight
versions of the KWIK algorithm.

Part 1: HP 9830A Version

The algorithm has been prepared in BASIC 1language for the - HP 9830A
programmable desk calculator, which must contain a String Variable Read Only
Memory (ROM) and a minimum of 3808 words of Random Access Memory (RAM). The
KWIK program is recorded on cassette tape files O through 3. After inserting
the cassette in the loader and rewinding the tape, the first file (file 0) is
loaded by executing the command “LOAD 0." When the file has been loaded,
press the "RUN" and "EXECUTE" buttons. The type of format used for the
required inputs is query/response. The "EXECUTE" button is depressed after
a2ach program input entry. At the end of each file execution the calculator
display will show "LINK (File No.)." The "LINK (File No.)" command will load

the corresponding file, conserving the values of the parameters in common
throughout the program.

The program inputs are in the following query/response sequence:
SITE PARAMETERS
(1) Site identification, four characters;
{2) Latitude, in degrees and tenths;
(3) Direction from equator, North (N) or South (S);
(4) Longitude, in degrees and tenths;
(5) Direction from Greenwich, East (E) or West (W);
(6) Altitude above MSL, kilometers and tenths;
(7) Julian date, three digits;
(8) Greenwich Civil time, nearest hour;
METEOROLOGICAL PARAMETERS
(9) Ceiling height, feet;
(10) Cloud cover, percent;
(11) visibility, miles;
(12) Precipitation (Yes = 1; No = 0);

(13) Ambient air temperature, degrees Fahrenheit;
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(14) Dewpoint temperature, degrees Fahrenheit

(15) Wind direction, degrees;

(16) Windspeed, knots;
SCENARIO PARAMETERS

(17) Average roughness element, centimeters;

(18) Slant range to target, kilometers;

(19) Angle (with the horizontal) of sight to target, degrees;

(20) Direction (from north) of line of sight, degrees;

(21) Smoke screen length, meters; and

(22) Simoke screen duration, minutes.
A1l English input units are converted by the program to the metric system.
The algorithm also calculates the relative humidity in percent and the
Pasquill stability category (A through F).
The program outputs are displayed on the HP9866A printer after the execution
of each file. The output sequence is listed in the sample computation shown
in tables 1 through 5. For visible and near infrared wavelengths the munition
expenditures (impact separations for initial and sustaining volleys for the
105- and 155-mm howitzers) are displayed on the printer for HC and WP smoke.
The mid and far infrared wavelength expenditures are printed only for WP
smoke. The output will also list the number of guns required for initial and
sustaining volleys, the rate of fire in rounds per minute, and the total
rounds required. The number rounds required per 60-m unit screen length are
printed for the mid and far infrared wavelengths.
Appendix A lists a glossary of mnemonics for identifying the BASIC language
symbology used by the HP-9830A KWIK program. Given in Appendix B is the BASIC
program listing.
Part 2: HP 9825A Printer Qutput Version
Th. KWIK algorithm has also been programmed in the Hewlett-Packard Language
(HPL) Tor the HP 9825A programmable calculator. The site, meteorological and
scenario input parameters are identical to those of part 1, with the
following exceptions:

(9) Ceiling height, meters;
(11} Visibility, kilometers;
(13) Ambient air temperature, degrees Celsius; and

(14) Dewpoint temperature, degrees Celsius.




In order to execute the program, the HP 9825A calculator must contain the
following ROMS: String, Advanced Programming, and General 1/0; also a minimum
of 23,228 bytes of RAM is required. The KWIK program is recorded on data
cartridge track 0, file 3. It may be recorded on other files of track 0 or 1
as a redundancy backup option.

After the cartridge is inserted in the loader, the program is loaded by
depressing the "LOAD" and then the number 3 or by typing in the characters
"1df3" and then depressing the "EXECUTE" key. Once the program file has been
loaded, press the "RUN" key. The query/response method is used for the input
parameters. The "CONTINUE" key must be depressed after each entry. The
program outputs are displayed on the paper tape printer, integral to the HP
9825A calculator, in the same sequence as shown in tables 1 through 5. A
glossary of mnemonics appears in appendix C, and the program listing as
appendix D.

Part 3: The HP 9825A CRT Version

The CRT version program is designed for solution on the HP 9825A programmable
calculator using the following peripherals: (1) HP 1350A Graphics Translator
and HP 1311A Display (CRT) and (2) HP 9871 Impact Printer. The input
parameters are identical to those listed for the HP 9830A (part 1).

in order to execute the algorithm, the calculator must contain the String,
Advanced Programming, and General I/0 ROMs and a minimum of 23,228 bytes of
RAM. As in the HP 9825A Printer version, the algorithm for the CRT version of
KWIK is recorded on tape cartridge track 0, file 3. It may also be recorded
on other files of tracks 0 or 1 as a redundancy backup option. The tape
cartridge is loaded and the algorithm executed in the same manner as described
in part 2.

The output of the KWIK program is displayed on the HP 1311A Display (CRT) and
the HP 9871A printer. First to be displayed on the CRT are the Tist of inputs
and the calculated stability category and relative humidity value. To
continue viewing the output simply press "CONTINUE." (The calculator will
display "CONTINUE WHEN READY.") For visible and near infrared wavelengths,
the munition expenditure data (shell spacing for initial and sustaining
volleys for 105- and 155-mm howitzers) is displayed for HC and WP smoke. The
mid and far infrared wavelength data are displayed for WP smoke only. The
output will also display the number of guns required for initial and
sustaining volleys, the rate of fire in rounds per minute, and the total
number of smoke rounds required. The number of rounds required per 60-m shell
spacing (for 105- and 155-mm howitzers) are displayed for mid and far infrared
wavelengths. At the end of the displayed output, the operator has the option
of ending the program output o+ printing it on the HP 9871A printer. (The
calculator will display, "O TO EXIT - 1 to PRINT.") Pressing a "1" will cause
the printer to print the same output displayed on the CRT. A sample of this
output is listed in tables 1 through 5. Appendices E and F contain the HPL
CRT KWIK glossary of mnemonics and the HPL program 1listing, respectively.

Part 4: The FORTRAN Version

The FORTRAN version of the KWIK algorithm is programmed in FORTRAN IV )anguage
and can be executed on most FORTRAN V compatible computers. The 22 inputs are

9




identical to those described in Part 1. The format for all input parameters
(IBM card or card image input) is F10.0, with the following exceptions, which
have a character format (a maximum of four characters):

(1) Site identification,

(3) Direction from equator,

(5) Direction from Greenwich, and
(12) Precipitation.

A1l inputs are converted by the program to the metric system. The algorithm
also calculates the relative humidity in percent and the Pasquill stability
category (A through F).

The computer output is displayed in the same fashion as shown for the HP 9825A
CRT KWIK in tables 1 through 5. Appendix G shows a glossary of the FORTRAN
mnemonics and appendix H contains a listing of the FORTRAN algorithm.

Part 5: HP 85 Version

The HP 85 desktop computer is the most compatible with the KWIK algorithm. It
is fully integrated (keyboard, CRT display, CPU, magnetic tape unit, and
thermal printer) in one small package, with 32K bytes of extended memory. The
KWIK version for the HP85 is programmed in BASIC Tanguage.

The program is loaded into memory from an HP 200 or equivalent data cartridge
by pressing the "LOAD" key and then typing "KWIKO" (or "KWIK1"), followed by
pressing the "END LINE" key. To run the program, press the "RUN" key. The
query/rasponse method is then used to enter the 22 program inputs, as listed
in part 1.

The output is displayed on the HP 85's own 4.5-in wide printer in the same
fashion as shown in tables 1 through 5. Appendix I lists a glossary of
mnemonics for identifying the BASIC language ,ymbology used by the HP 85 KWIK
algorithm. Appendix J shows the corresponding KWIK BASIC program listing.

Part 6: HP 9845 Version

The HP 9845 KWIK version is a BASIC algorithm similar to the HP 85 version.
The program may be loaded into memory from a mass storage device, such as T15,
the standard mass storage device for the HP 9845. Insert the magnetic tape
cartridge in the T15 slot, press the "LOAD" key, type the "KWIK 45" file name,
and press the "EXECUTE" key. To run the program, press the "RUN" key, and the
query/response method is then used to enter the 22 program inputs, as listed
in part 1.

The output is printed on the internal 80-character line printer unless a
"PRINTER IS select code [, HP-IB device address]" command is executed from
either the program or the keyboard. (The select code identifies the type of
device at the specified address.) Select code 16 is used for the CRT. If an

10




external printer is desired, its corresponding select code and HP-IB device
address must be used. Appendix I contains a glossary of mnemonics for the
BASIC HP 9845 algorithm, and appendy.. K contains the corresponding KWIK
program listing.

Part 7: The APPLE II version of KWIK is programmed in Applesoft BASIC
lTanguage. It is almost identical to the HP85 and HP9845 versions. The APPLE
Disk II, with 931,000 bits capacity, is used to load the algorithm in the
APPLE computer memory (65K bytes capacity). This is done by typing the words
"LOAD KWIK" and depressing the "RETURN" key. To run the program, "RUN" and
"RETURN" are pressed. As with the other versions, the query/response method
is used to enter the 22 inputs listed in part 1, with the following
exceptions: (3) North = 1 and South = -1, and (5) West = 1 and East = -1.

The output may be displayed on any CRT screen or printer external to the
APPLE 11.

Appendix I 1lists a glossary of mnemonics identifying the APPLE 11 BASIC
Janguage symbology. Some minor differences between APPLE Il and HP BSASIC are
noted. Appendix L contains a listing of the APPLE II BASIC algorithm.

Part 8: Volume of Fire Tables

The algorithm that produces munition expenditure tables is programmed (in HPL)
for the HP 9825A programmable calculator. The algorithm requires the use of
the same RAM and ROMs used for the other HP 9825A versions of KWIK (see
part 3). The volume of fire tables algorithm is recorded on tape cartridge
track 0, file 6. It may also be recorded on other files of tracks O or 1 as a
backup option.

The tape cartridge is loaded and the algorithm executed in the same manner as
described in part 2. The only required inputs are those for ambient
temperature (degrees Fahrenheit) and relative humidity. Seven other
meteorological and site parameters are fixed, but can easily be changed. The
choices of relative humidity input values are 15, 40, and 80. After entering
the relative humidity value (15 is the default if none is entered) and
depressing the "CONTINUE" key, volume of fire tables for 105- and 155-mm
howitzers are printed on the HP 9871 Impact Printer for HC WP smoke for
visible and near infrared wavelengths.

The tables printed for HC smoke contain seven screen lengths ranging from 200
to 2,000 m and duration of effective smoke screen ranging from 5 to 35 min.
For WP smoke the tables show five screen lengths ranging from 100 to 600 m and
the duration of effective smoke from 5 to 25 min. E£ach Pasquill stability
category (A through F) is shown with its respective windspeea in knots. The
munition expenditures (volume of fire) data are computed in number of (105 or
155-mm howitzer) rounds for quartering wind. Rounds in area shown as $$$
exceed rate of fire of weapon or battery. Tables 6 through 8 show samples of
the output produced by the volume of fire algorithm for HC and WP smoke (for
72°F temperature and 15, 40, and 80 percent relative humidity). Appendices M
and N, respectively, show a list of the algorithm mnemonics and the program
listing in HPL language for the volume of fire tables version.

n




ADDENDUM

SPECIAL NOTE
Under certain atmospheric conditions, an output of "O rounds" may result.
This output indicates that no smoke munitions are required for screening, due
to such conditions as atmospheric absorption, haze and fog, or
precipitation. When certain versions of the KWIK algorithm are used in these
situations, a warning signal may be encountered as the computer attempts to

print the output. The following additions to the indicated KWIK algorithms
will avert such warning signals.

HP 9830A: Line "455 L(I,K) = 0" on file 3 (shell spacing - WP smoke)
HP 85: Line "4975 L(I,K) = Q"

HP 9845: Line "4195 L(!,K) = Q"

APPLE II: Line "2765 L(1,K) = Q"

13
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s TABLE 1. BASIC INPUT PARAMETERS FOR KWIK ALGORITHM

i MUNTTTEON EXPENDLTURES
. FOk HC AND WP SHMOKE

. LRV = WBD
LATITUDE = DL = NO32.00

LAIHG D TUDL - G Wins . 00
AL TITODE - KM = .30
D36

|5

JUL LAN DAt - DAY =
- A TImE = HQUR = L)

- U1 NG - MLETERGS = 30463.00
1 CLOuD COMVER = PERCENT 20.00
TR LRLTY < KM S 40.2%
PRECTPTTAT TOM = NO

H

VR R ey S L P Ay
DEW POINT - DLG O = 18 . 64

Winh OTREC T - DLG = 270 .00

WEHT SPEED = KNOTS = 15 .00
UL ROUGHRNDTGS BELrnENy - UM = 74 .00
PAGEUILL STABILITY CATEGUKY = D

RELATIVE HUMIDTTY w 80.03
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TABLE 2. MUNITION EXPENDITURES FOR VISIBLE WAVELENGTHS

VOLLEY

TNTTYAL

SUGTAINING .

VOLALEY

T T Lot

GUGTAINTNG .

VO Y

INT TN .

LUSTATNING:

VO LY

LN AL

GUSTAINING

VIGTRLE:

METERS MINUTES
SURATLN LENGITH/DURATION. 400

HE SMOKE SCREEN

L0SHMM HOWIT 2R

GUNS RATEYZ SPACING
MIN METERS

3 P |
19 0.9 21

155MM HOWITAUR

GUNS RATE/ SPACING
MIN METERS

A 158

3 0.5 138

W* SMOKE SCRIZEN

105MM HOWITZER

GUNG RATEY/ SPAC NG
MIN MLITERS

) et

5 30 20

1 N5HMM HOWITZIR

GUNS RATEZ SPACING
MIN METERS
o H9

2 3.0 269

15

i0

ROUNDS

?5

ROUNDS

i5

ROUNDS

1%0

ROUNDS

30




TABLE 3. MUNITION EXPENDITURES FOR NEAR INFRARED WAVELENGTHS

UL tky

INT CEAL

GUSTATNING:

VOLLEY

INITral.

GUSTATNING:

VOLLLY

TN AL

SUSTAINING

VOLLEY

INTEAL

GUSTAINING:

" et

M TERSG MINDTES
SUMLN LU NGTH0GRA CTON . 400

HEC SMOKE SCREEN

£ 0% HOWTT Z7UR

10

GLING RATE/ GPACING ROUNDS

MIN MUITERS
nA g
S50 0.5 8

155MM HOWITLIR

GUNG RATE/ SPACTNG
MIN METERS

1 “ r.)
8 u.% %

Wit SMOKE SCREN

L09MM HOWITZER

GUNG RATEY SPACITNG
MIiN METERS

& 77

6 3.0 77

1554 HOWITZER

GUNS RATEZ SPACING
MIN METERS

o 40

2 3.0 230

16

250

ROUNDS

40

ROUNDS

180

ROUNDS

30
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TABLE 4. MUNITION EXPENDITURES FOR MID INFRARED WAVELENGTHS

MID IR

ML TERS MINUTES
SUREEN LONGTH/DURATION. 400 10

WP SMOKE SCREEN

ROUNDS /A LATE Y/ TOTAL
60 METERS  MINUTE  ROUNDS

105MM 4 3 0 B0
LHG MM 2 5.0 445

TABLE 5. MUNITION EXPENDITURES FOR FAR INFRARED WAVELENGTHS

Far IR.

METERS MINUTES
GUREFM LENGIH/DURATION. 400 i0

WP SMOKE SCREEN

ROUNDL Y/ PATE Y TOTAlL
60 METERSG  MINUTE  ROUNDS

1 (14 O K| 1334
15 5SMM o 3.0 44%
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19.
20.

21.
22.

23.
24,

25.
26.

27.

28.

29.

30.

31.

P =t et b gt et i e
N NP WNE= DO LW

P(7,9)

€(4,2)
B(4)
G(4)
H(4)

R(4)
D(2)

A (6)
$(6,3), 0(6,3)

Y1, Y2
Lo,L1,20,J0,H0
J(4,2),pP(4,2)
£(4,2), F(4,2)
G(4,2), Q(4,2)
R1, R(4,2)
H(2,2)

APPENDIX A

KWIK ALGORITHM
GLOSSARY OF MNEMONICS (BASIC/HP 9830A)

Ceiling - feet

Cloud cover - percent

Visibility - miles

Temperature - degrees Fahrenheit
Dewpoint - degrees Fahrenheit

Wind direction - degrees

Windspeed - knots, meters per second
Atmospheric stability category

Slant range to target - kilometers
Relative humidity - percent

Smoke screen length - meters

Smoke screen duration - minutes

Angle of sight to target - degrees
Direction of line of sight - degrees
Average roughness element - centimeters
Roughness length - centimeters

Table of stability categories depending
upon solar altitude and windspeed

Table of transmittances resulting from
water vapor, haze/fog precipitation and
smoke for visual, near, mid, and far
infrared wavelengths

Table of smoke concentration values for
HC and WP smoke (by wavelengths)
Absorption coefficient error function
Scale height for Mie scattering

Haze and fog attenuation coefficients
Precipitation attenuation coefficients
Table of extinction coefficients for
calculating HC and WP smoke concentra-
tions for visible, near, mid, and far
infrared wavelengths

Coefficients to compute sigma y
Coefficients of roughness correction
factor used in calculating sigma z for
the various roughness lengths

Yield factors for HC and WP

Latitude, longitude, altitude, Julian
date and Zulu time data

Total number of rounds required
(initial and sustaining) 'to maintain HC
and WP smoke screen

Number of guns (initial and sustaining
volleys) for 105- and 155-mm howitzers,
for HC and WP smokes (by wavelengths)
Rate of fire for HC and WP smokes (by
wavelengths)

Unit (per gun) source strength
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33.
34.
35.
36.

37.
38.

39.

40.
41.
42.
43.
44.

45.

47.

Q(2)

u(2,2)

v(2)

W(6)

X(4)

1(4,2), Y(4,2)
2(4,2), L(4,2)
15(4)

Q$(6)

A$(8)

P
H$(1), J$(1)

N Cu

Munition efficiency for 105- and 155-mm
howitzers for HC smoke

WP volume source sigmas (o, and o
for 105- and 155-mm howitzers
Stability dependent crosswind inte-
grated concentration for WP smoke
Constant (K) related to stability
category for WP

Wavelength threshold levels

Shell spacing for 105- and 155-mm
howitzers (initial and sustaining) for
HC smoke

Shell spacing for 105- and 155-mm
howitzers for WP smoke

Met site identifier

Stability category indicator
Wavelength indicator

Precipitation indicator

Direction from equator (N-S) and
direction from Greemwich (E-W)
indicators

Index for wavelength algorithms

Index for smoke algorithms

Index for gun (105- and 155-mm
howitzers) algorithms

ZO)




APPENDIX B
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10 C¢o¥ p,Y,DO,PO,10,50,71,T72,V0,X0 ,Cl[4,2],17(4,4),v[2],w[e],¥[4, 2], z[4,2]
s 20 LM RUTE umk, ALGORITHM - FILE O ( 4/81).
30 R KJIk: MXT20R0TOGICAL INPUTS AND METEOROLOGICAL CALCULATIONS.

40 DIY £4] P[? 9],03[6],H3[1],d3[ 1]

' 50 FIXsD

3 60 PRINT
70 PRINT
£BOFRINT Y MUNITION EXPENDITURES"
Q0 PHINT " TOR HC AND WP SMOKE"

100 PRIUT

110 PRINT

120 DIGY "Iq” OITY IDMs

130 INDUT I°

140 DISP "LATITUDZ OF MET SITE- diG";

150 INPUT LO

160 DISP "DIRXCTION FROM KQUATOR- N OR 8"
170 INPUT K

180 DISP "LONGITUDE OF MET SITE - DEG";
190 INDUT L1

500 DISP "DIRZCTION FROM GREENWICH- E OR UW"j
210 INPUT J.

520 DISP "ALTITUDE OF MET SITE-KILOMETERS";
230 1INTUT ZO

240 DISP "JULIAN JATE OF MET OBSERVATION";
250 1HPUOT JO

560 DISP "ZULU TIMi OF MET OBSERVATION-hr";
270 INPUT HO

580 DISP "CHILING ~ FEET";

290 INPUT CO

300 10=C0*0.3048

410 JISP "CLOUD COVER - PERCENT";

320 INPUT CAH

%40 DISP "VISIBILITY - MILES"j;

Z40 INPUT VO

750 70=V0%1,61

L6000 D150 "P?DCITImALION - 1=YiES 0=NO"3

270 IJ“UT P
_dO)TP'WﬂPWMﬂmw-IEGFH

290 ILPUT 70

400 20=(5/9)*(10-32)

410 5ISP "D POINT =~ DEG F";

A7Q "‘UT T4

450 T1=(5/9)% (71=32)

440 .I.; "JIND DIRECTICN - DEGS";
450 IIUT D0

[ - 460 LISP WIIND SPIED KNOTS";

¢ A70 INPUT SO

« 480 DISP AV ROUGHNESS ELEMENT - CM";

: 4190 INPUT Y
500 PRINT " ID = 313
510 URINT " LATITUDE - DEG = ";H$E1];LO
520 FRINT " LONGITUDE - DEG = w33 1510

[ 530 FRINT " ALTITUDE - K = "320

9 540 [RINT " JULIAN DATE - DAY = "3J0

' 550 PRINT " ZULU TIME - HOUR = ";HO

E
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560
570
580
590
6C0
610
620
630
640
650
660
670
=80
590
700
710
720
30

760
770
780
790
800
810
820
830
840
850
860
870
880
890
900
910
920
930
940
950
960
970
980
990
1000
1010
1020
1030
1040
1050
1060
1070
1080
1090
1100
11°0

vRINT CEILING -~ METERS = ";CO
PRINT " CLOUD COVER -~ DPERCENT = "3Cq
PRINT " VISIBILITY - KILOMETERS = ";VO
ERINT " PRECIPITATICN = ";P

PRINT TEMPERATURE - DEG C = "3TO
PRINT * DEWPOINT - DEG C = "3
PRINT " WIND DIRECTICN - DEG = "3;D0
PRINT " 4IND SPEED - KNOTS = "3;S0
PRINT ™ AVE ROUGHNSS ZLEMENT - CM = "Y

POR J=1 TO 9

FOR I=1 TO_7

ReAo P(I,d]

NEAT I

NBXT J

READ ©:[1)]

IF J:/#"E" THLN 740

L1 =—L1

Riii 1237 CALCULATIONS.

IF C1.100 THEN 790
iF ©0>21%3.6042 THEN 790
11=0
12=0

GOTO 1400

Rl CALCULATS ANGULAR FRACTION OF A YEAR FOR A GIVEN JULIAN DATE (AO)

R9=PI/180

D9=180/PI

LO=I,0*R9

AO=((J0=-1)%360)/365.242

REM CALCULATE SOLAR DECLINATION ANGL: (A4).

A1=A0*R9

A2=279.93548+A0

A2=A2+(1.914827*SIN(41))-(0.079525%C0OS(A1))
A2=A2+(0,019938*SIN(2*A1))-(0,00162*%C0OS(2*A1))

A2=A2%R9

A%=23,44%8%R9

A4=SIN§A3)*SIN(A2)

A4=ATN(A4/SQR(1-A4*A4+1E=99))

R4M CALCULATZ THZ TIME OF MERIDIAN PASSAGE - TRUE SOLAR NOON (AS5).

A5=12+(0.12357*SIN(A1))~-(0.004289*C0O5(A1))

A5=A5+(0.,153809*3IN(2%A1))+(0.060783*C0S(2*A1))

RM CALCULATS SOLAR HOUR ANGLE (A6)

A6=15% (HO=A5)=11

A6=AG*R9 '

REM CALCULAT: SOLAR ALTITUDE (A7)
AT=SIN(LO)*SIN(A4)+COS(10)*COS(A4)*COS(A6)
A7=ATN(A7/SQR{1-AT*A7+1E=99))

A7=AT7%D9

§mm CALCULATE INSOLATION CLASS NUMBER.
2=0

IF A7 <= 60 THEN 1080

I2=4

GOTC 1160

IF A7 <= 35 THEN 1110

I12=3

GOTO 1160

I® A7 <= 15 TH.N 1140
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1120
1130
1140
1150
1160
1170
1180
1190
1200
1210
1220
1230
1240
1250
1260
1270
1280
1290
1300
1310
1320
1330
1340
1350
1360
1370
1380
1390
1200
1410
1420
1430
1440
1450
1460
1470
1480
1490
1500
1510
1520
1530
1540
1550
1560
1570
1580
1590
1600
1610
1620
1630
1640
1550
1660
1670

I2=2

GOTO 1160

IF A7 <= O THEN 1350
I2=1

Ra° CALCULATE NET RADIATION INDEX FOR DAYTIM:S.
1%3=0

I7 C1>50 THEN 1210
i3=12

GOTO 1290

IF CO >= 2133,6042 THEN 1240
13=12-2

GOTC 1290

IF CO >= 4876,8096 THEN 1270
13=12-1

GOTO 1290

IF C1#100 THEN 1290
13=12-1

IF I3#0 THiN 1310
13=12

IF I3>1 THEN 1330
13=1

I1=13

GOTC 1400

R4 CALCUTATS NAT RADIATON INDEX FOR NIGHTTIME
IF C1>40 THEN 1390
I1==2

GOTO 1400

I1=-1

251 CALCULATE PASQUILL STABILITY CATEGORY.
14=0

15=0

IF I14#4 THLN 1450
14=1

I7 I143 THuN 1470
14=2

IF 11,2 THEN 1490
i4=3

IF I1s1 TH:EN 1510
I4=4

I7 I1#0 THsN 1530
14=5

iF I1#-1 THEN 1550
14=6

iF I1#-2 THEN 1570
14=7

IFf SO >= 2 THEN 1600
I5=1

GOTC 1820

IF 50 >= 4 THEN 1630
15=2

GOTO 1820

iF 80 >= 6 THEN 1660
I5=3

GOTC 1820

Ir 50 >= 7 THsN 1690
I5=4
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1680
1690
1700
1710
1720
1730
1740
1750
1760
1770
1780
1790
1800
1810
1820
1830
1840
1850
1860
1870
1880
1890
1900
1910
1920
1930
1940
1950
1950
1970
1980
1990
2000
2010

2070

2030
2040
2050
2060
2070
2080
2090
2100
2110
2120
2130
2140
2150

GOTC 1820

IF SO >= 8 THEN 1720
I15=5

GOTO 1820

IF S0 >= 10 THSN 1750
15=¢

GOTO 1820

T 50 >= 11 THEN 1780
15=7

GGTO 1820

I 50 >= 12 TSN 1810
15=8

GOTO 1820

15=9
PO=P[I14,1I5]

REM CALCULATS RELATIVE HUMIDITY
1@ T0>0 THEN 1880
A0=9.5

B0=265.5

GOTO 1900

A0=705

BO:23703

IF m™1>0 THEN 1940
A‘=9¢5

B1=265.5

GOTC 1960
A1=7,5

B1=23703
ﬁO=6.11*10“(éAO*TO)/§BO+TO))
£1=6.11%¥10~((A1%¥T1)/(B1+T71))
RO=(E1/E0)*100

PRINT " PASQUILL STABILITY CATEGORY
PRINT " RELATIVE HUMIDITY

PRINT

PRINT

DISP "DON% - LINK 1"
REM PASQUILL STABILITY CATEGORY DATA
DATA 1,1,2,3,4,6,6

DATA 1,2,2,3,4,6,6
DATA 1,2,3.4,4,5,6
DATA 2,2,2,4,4,5,6
OLTA 2,2,3,4,4,4,5
DATA 2,3,3,4,4,4,5
DATA 3,%,4,4,4,4,5
DATA 3, 3,4,4,4,4’4
DATA 3,4,4,4,4,4,4
DATA "ARCDTRF"

END
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% 10 GOl P,Y,DO,PO,RO,SO,T1,T2,VO,XO,C[4,2],T[4,4],V[2],W[6],Y[4,2],Z[4,2]
: 5O RiN KUIK:  ATHOSPHERIC OPTICS AND SMOKE CONCENTRATION CALCULATIONS (FILE 1).
30 DIM B[4],6[4],H[4],R[4],D[2],X[4]
S 40 FIX:ED 2
3 50 For I=1 TO 4
L( 60 R#AD B[I],G[I],X[I]
, 70 N.XP I

80 V1=10G(VO)
90 V2=V1*V1
100 V3=V2%V1

110 HL1_=1.5551-(O.9811*V1)-(0.0197*V2)+(0.0041*V3)

120 HI1]=ExP(H[1])

130 H[ 2]=1.50381511-(0.992319519%V1)-(0.015972801%V2)+(0,00368583*V3)
140 H[ 21=ExP(H[2])

150 11{3]=1,2394={1.0436%V1)+(0.0099*V2)~(0.0016*V3)

160 1l 2]=EXP(H[3])

170 H[4]=1.5176={1.7147%V1)+(0,0001%V2)+(0.0428%V3)

130 ii[4]=EXP(H[4])

190 1[1]=1,33506-(0.8825%V1)-(0.0753*V2)+(0.0129*V3)

200 i[1]}=8¢2(R[1])

710 R[?~=1.4?1?51;07-(0.922595829*V1)-(0.065509417*V2)+(0.013680422*V3)
220 2= 2

730 x;;1=1.5?5%- ?.9013*v1)-(o.o773*v2)+(o.0175*v3)

240 [ 1=8xp(R[3

250 1[4]=1.5928-{0.9396%V1)=(0.0627*v2)+(0.0168*V3)

260 2[4]1=EXP(R[4])

270 H0=0

280 DIST "SLANT RANGZ TO TARGET - KM";
290 INIUT H3

700 DISP "ANGLE OF SIGHT TO TARGET - DEG";
710 INPUT S

©20 I+ 8 >= O THEN 340

520 $==S

L40 S=5+%(PI/180)

350 S=3IN(S)

360 114=0

270 TP $=0 THEN 400

480 1i4=1/S

=90 (41 CALCULATZ PRECIPITABLE WATER.

200 7=0.4477+(0.,0328%T1)+(1.2E=03*T1%T1)+(1.,84E-05*T1*T1*T1)
410 2057 JALCULAT: ANOUNT OF WATER IN PATH,
& 420 DiF FNA(A)=EXP(-S*A/2) .
e 450 10113
\ 440 11=HO
. 450 1.2=1,0
: 460 1%5=0,5%(L1+L2)
b /’/;,O 104=L2-L1
; 450 1,520, 288675114
¢ 490 i0=0,5%L4*(FIA(L3+L5)+FNA(L3-15))
_ 500 1=1¥0
510 17 OATOULATE TRANSHITTANCES FOR VISUAL,NEAR,MID AND FAR IR WAVELSNGTHS.
g 520 FCR I=1 TO 4
E 570 1.5, CALCULATE TRANSMITTANCES OWING TO ABSORPTION BY WATER VAPCR.
. 5,40 17 I.4 THEN 570
'« 550 701,1]=34"(-0.0681%71) e
38
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540
570
58

590
00
e10
620
630

GUe 670
I ynnﬁﬁ)
1L0=(B[I1*5
1,1=H0
L2=10
L3=0.5% (1.1+4L2)
L4=12-11
L5=0.2885751%14

BIP(-B*2)
or(.1¥01)/2)

640 1:2=0,5%L4* (PNB(L3+L5)+FNB(L3-15))

660

760

800
810
820
830
840
850
860
870
880
390
900
910
920
930
940
950
960
970
980
990
1000
1010
1020
1030
1040
1050
1060
1070
1080
1090
1100
1110

T{I,1]=(2/SQR(PI))%M2
T{I,1]=1-T[I,1]

RENM CATCULATZ TRANSMITTANCE OWING TO ATTENUATION BY HAZE AND FOG.
IF P=0 THZEN 710

T1,2]=1

GCTO 990

IF vO >= G[I] THEN 910

DiP PNC(C)=5XP(C*S*LOG(0.1/H[I]))

LO=H4

1L1=I10
L2=10
13=0,5%(L1+L2)

L4=I:2-L1

L5=0,7886751*L4

T3=0,5%L4* (FNC(I.3+L5 )+FNC (L3-L5) )

I4=EXP(-HgI]*T3)

DoF FNO(D)=5XP(-D*5/4.1)

L=

L2=H3
13=0.5%(L1+L2)

L4=12-11

L5=0, 2886751*L4

T5=0,5%L4* (FND(L3+L5 ) +FND(L3-15) )

Té=355P(-0,128%T5)

T I,2]=T4*T6

GCTC 990

LO=113

1,1=HO

L2=10

L%=0.5% (T.1+L2)

L4=L2-11

15=0.2886751* L4

T7=0,5%L4* (FED(L3+L5)+FND(L3-15))

T[1,2]=2xP(-H[I]*T7)
151 CALCULATE TRANSMITTANC: O.JING TO ATTENUATION BY PRECIPITATION.,
IF P=1 THEN 1030

T[I,%]=1

30TC 1050

Ir VvO>20 THEN 1010

T[1,%]=EXP(-H3*R[I])

RE}M CALCULATE TRANSMITTANCE OWING TC ATTENUATION BY SMOKE.
T[I,4]=XBIJ/(T[I,1]*T[I.2]*T[I.3])

Ir ?[I,4) <= 1 THEN 1090

T[I,4]=1

Rgm CA?C%gAgE LINE OF SIGHT INTEGRATED CONCENTRATION.
TOR K=

READ D[K]
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1120
1130
1140
1150
1160
1 1’,"0
118

1190
1200
1210
1220
1230
1240
1250
1260
1270
1280
1290
1300
1310
127

1330
1240

NAKT K

IF T{I,4]»1 THEN 1180
FoR J=1 TC 2

¢{1,J]=0

NEZKT J

GOTC 1240

FOR K=1 TO 2

IF D[K]#0 THEN 1220
c[1,K]=0

GOTO 1230
o[1,K]=106(T[I,4])/~D[K]
MEXT K

NEXT I

DISP "DONE - LINK 2"

DATA 0.118,26.7,0.05
DATA 0.18,7.5,0.05
D[\TA 0.55,5.1, .05
DATA 0,5,0.05

DATA 3.3,2.46

DATA 1.5,2

DATA 0,0.25

JATA 0,0.32

oND
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“0)
40
50
60
0
&0
90
’ OO
110

et o1,Y,00,r0,%0,50,71,172,V0,X0,C{4,2],T(4,4],V[2],4[6], YE4 2] z[4 2]

DI [o 3],4A(6],0[2],8[2,2],D[6,3],U[2,2]
FTaan 2
DTSE "DIE CTION 0F LING OF SIGHT-DEG";
IPe™ RO
Riit «Tnuspnwnzo DIFFUSION CALCULATICNS.
H { I=1 TO 6

f\) "[1]

120 403
130 i)
140 15

150
150 I
170
180
190
200
210
220
230

240 4

250 !
760 !
20
780
290 .

470
480

490

530
510
520
530
540
550

MIXT I
'OR I=1 TO 6
FOR J=1 TO 3
R<ab D[I,d]
AT J
DA
®oa) H[1,1 [1 2 [2,1],H[2,2]
RitAD T {1 1] ul2 11 ul1,2],uf2,2
Al==1, 24+1 19*LG”(Y)
10" A1
=kBT§\O-DO)*(II/180)
R2=5303(1%,69/(13,69*STN(A2)*SIN(A2)+C0S(A2)*C0S(A2)))
¥1=1.09521547+(0.02906894*%R0)=-(4,95755-04*R0O*R0)+(4 .82E-06*RO*RO*R0)
Y2= ).,04059144+(o 06050257 1*R0O)- (1 15301E=03 *RO*RO)+(1 3394 2E-05*RO*RO*RO)
12=05010, 1]+u{10 ?}*Z+ 50 PO, % ]*z 2
1- 3[)0 11+n[ro, 2 *Z+)tPO *7%2
12=1/01
17 50,0 TH™N 340
50=1
53=0.515%10
QTSP "UONTEN LENGTH - LIETHROM;
l\l' ‘Il LO
DT "OURATION - [INUTHS";
TI’U” m
[N =1 TC G
" [Il]

D ﬁ 5
cmooN
A

vo> 1=1 T0 ¢
ROF CALOULAT S CRUSS.JIND INTEGRATSD CONCENTRATION FOR Wr SMOKE.
FOD F=1 TC 2
10 I<% AID PO>4 TH:N 490
$1=U[K,1]+0.74*A[P0]*100°0.9
52=U[K, 2]+0,667%C2* 100~ D1
T[K]=( i[Po]*Y2%H[K,2])/(PI*S1*S2)
til MUNITICK SXPENOITURZS (HC SMOKE).
1“L IUNITION =FPPICILCY:
’r1 =0.4
r2]=0.4
5 TCUSTAINING SHOLL SPACING FOR HC SMOXE.
Im 1>2 THIH 610
7 :[I,1].0 TH 580
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560 Y[I,K]=0

570 GOTO 610

580 Y[I,k]=1/R2%(0.731*[K]*Y1*H[K,1]/(c2*53*C[1,1]))"D2
590 IF Y[I,K]<X0 THEN 610

600 Y[7I,K]=X0

10 HELT K

20 NOXT I

%0 DIGP "DONZ - LINK 3"

640 Riti DATA USTD TO CALCULATE SIGMA Y FOR CONTIUOUS SCURCZ.
¢5C DATA 0.4,0.%2,0.22,0.144,0.102,0,076

660 R DATA USED TO CALCULATE SIGMA Z FOR CONTINUOUS SOURCE,
670 DATA 0.139085297,0,015017284,-1,02581E~04

~80 DATA 0.122097643,0.01097037,-6.80135E=05

690 DATA 0,110104377,0.010962963%,-6,734015=-05

700 DATA 0,09764983%2,0,010418519,-6.835025-05

710 DATA 0,070772166,7.27284E-03,-4.50056E-05

=70 2ATA 0,055487093,6.55209E-03,-4.017965-05

/50 bama 0,944814815,-4.85185E-03,3,7037E~05

740 DATA 0,894803591,-4,83951E-03,3.591478-05

750 DATA 0,854792368,-4,827165<-03,3,479245-05

760 DATA 0,816026936,-6,074075-03,4,71385-05

270 DATA 0.786025936,-6.07407E-03,4,7138E-05

780 DATA 0,726015713,-6.06173E-03,4.601575-05

=90 R, UNIT (PSR GUN) SOURCE STRENGTHS.

800 DAT;‘. 1807,1737.;,7701,707602

810 RAT WP VOLUME SOURCE SIGMAS (U(2,2)).

820 DATA 5,4,7.9,1.8,2,6

8%0 R.57 STABILITY CONSTANTS FOR WP SMOKE.
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10 ©ooove,Y,00,P0,R0,50,71,72,V0,X0,C(4,2],7(4,4],V(2],7[6],Y[4,2],2[4,2]

20 RinT KLTEs MUNITION b INDITORES (CONTINUATION) FIL: 3).

0 1. la,2),1[4,2],374,2],P[4,2],2(4,2]),%[4,2],G[4,2],H[2,2], Q[4 2], L[4 2]
40 a1 At(3]

hO L) 2

GO S%=00%0.515

70 R0 UNIT GOURST GTRANGTIH,

30 roaonf1,11,001,2),0[2,11,H[2,2]

90 07 I=1 TO 4

100 702 K=1 TO 2

110 T2 I>2 THIY 430

170 37 CLLCULATT INITIAL SHALL SPACING FOR HC SHOKE.
150 J[1,0]=57%45

140 17 v[;,x]“o TI.Y 180

50 T1,i=1
1:.0 “[:,;j=1
1.0 U0 330

150 RET JATLCUTAT. IUITIAL VOLLEY POR HC SMCKE.

190 I® I[I,K]}>Y[I,X] THEN 210

700 GOTC 220

210 7r$ x} =Y[I,K]

220 =[I,K _Lo/ [I,X]

230 5 Iy “51,1]5

240 5=3[1,K]=05

250 1™ 0A=0 THEN 270

260 [I K]—15+1

270 1N CALCULATS NUMBER OF GUNS FOR SUSTAINING VOLLEYS (HC SMOKE).

230 ?[I,I]—’O/Y[* K]
290 5=INT(~[I,K )
700 ;€=v[1,h -w5
510 I 76=0 THEN 330
20 W, K]=05+1
5.0 477 OLLCULATS RATH OF FIRS FOR HC SMOKZ,
740 111=0,5
%50 10 ¢[I,1]{0 THzN 370
260 A1=o
770 00T SALCULAT S TOTAL NUMBER OF ROUNDS RTQUIRED (EC SMOKE).
230 J[l,r]= 11, h]+( 11%72-1)*F[I,K]
790 15=Ta7(J 5 )
400 6= J[I, Q5
410 I ~6=0 THIN 470
420 J[I,K]=15+1
430 I¥ I<3 AND PO>4 THEN 950
440 UG SHELL SPACING <L( ) 2% 2( )> & VOLLEYS <G( ) & q( )> - WP SMOKE,
450 17 ={I,2]+0 TH:N 500
44,0 7[1,1]=0
4.0 aﬁl,ﬁi=o
430 [1,1]=0
490 GOTC 570
500 17 I>2 THXWU 550
510 T.I,K]=v{r]/Cc{1,2]*%100
520 5[ I,K]=0[I,k]
570 G[I,K])=10/4[1,K]

¢ 540 3070 560

' 550 G[I,¥]=0.6%c[I,2]/V[K]
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560 5=INT(G[I,K])
570 06=G[I,K]=-05

580 I 16=0 THIN 610
| 590 G[I,K]=05+1

s 600 GOTO 620

| 10 G I,K =05

3 I,K]=G[I,X]

670 231 RATZ OF FIRT TOR /P SMOKE.
540 1r u[I 2]”0 THEN 680

€50 »[I,K

660 GOTO 820

770 IF I>p THZN 700

¢80 R[I,K])=(2[I,K]+60)/S3

“90 GOT0 710

700 «lI, K] 120/S3

210 al1.K]=R[I, K}/2O
720 5= INT(R I1,K])
730 Ro=R[I,K -Rs5

40 1" 36<0.5 THIN 750
750 N5=R5+1

470 I7 R5.0 THEN 780

0 H5=1

780 R{I,x]=R5%20/60

790 [1,k]=1/R[I,X]

800 I7 R[I,K] >= 1 TH:N 820

810 [1,EK]=1

820 ik CALCULATZ TOTAL NUMBZR OF ROUNDS REQUIRZD (WP SMCKE).
830 17 2[1,2),0 TH4N 860

540 P[I,L]:O

250 GOTO 1030

8650 1 0 T2 THEID 890

o0 2 T1,E)=6[I,K)+0[I,X]*(P2*R[I,K]-1)
830 G0TC 900

390 °[I,n]=0[I, F] (%0/60+1)*(T2*R[I,K]-1)
200 5=INT(P[I,K])

910 .6=1[I,K]-05

9°0 " 6=0 THIN 940

930 P[I,K]=15+1

940 GC™0 1290

950 R CALCULATIONS TOR WP SMOKE B & F STABILITY CATEGORIES (STABLE FLOW).
700 .0 INITIAL CHELL SPACING

970 17 I=1 AND F=1 TH3N 1000

080 1% I<?% AND K=2 TH:sN 1000

990 I I=2 AND k=1 THWY 1020

1000 .[1,K]=100

1010 3070 1030

1070 n[I,K])=50

1070 % i SUSTAINING OHSLL SPACING

1040 I I=1 AllD =1 THIN 1080
1050 1 I=2 AlD ¥=2 THEN 1080
1000 I T=1 AUD K=2 TH.N 1100
1070 1 T=2 Al fi=1 THIN 1120
1030 271,K]=100
1090 G/ 70 1130
1100 2[1,11]=200
141 Ou\ 1150

4




1170
1170
1140
1150
1150
1170
1130
1190 1
1200 :
1710
1720
12350
1240
4 ')50
1"~-O
1270
1280

1290 o
1200 1

1210

1220 1

1330
1340
1,50
1550
13,0
126

v]zso
CINITIAL VOILL7Y - I SMOKE,
[ 1]-/0/11[1 1]+1
DT SUSTAIVIYG VOLLUY.
[L .]— O/ [I k]+1
SIDOAT 0 PTRIE - WD SHOKI,
I+ ¥=1 s 1200
Iw / =2 TH M 1220
[l n]
e ?)O
’[I
12 Tn 'I‘AL I’U BER G2 /P RCUNDS Q8QUIRLD,
r]=clI1,: }+r[1 JK]¥(1r2*r[I,K]-1)
”(i‘ K1)
-5
O THI N 1290

702 T=1 20 4
PR INT
PRINT
PRINT
PRINT
PRINT
PRINT

1390 .

1400 .
1410 I‘E
14°0 |

14 ,O
1440

1450 .
140 ¢ 1

1470
14.30
1430
1500 !
1510

15720 1

1570
1540
1550
1500

1570 W

1580

1590 i

1500
1010

1,20
1620 Vi

1t)lp\)
1650
1000
1070

.l_..’“ " METERS MINUTES"
SCRXEN LENGTH/DURATION: ",F5.0,4X,F3.0

’\Iftm K HC SMOKE SCRiIZR"

.IJT t 105MM HOWITZER"

PRINT

RSN (AN VCLLE GUNS RATE/ SPACING ROUNDS"
PRINT MIN  METERS"

I (15 1560)3[I1,1],1[1,1]

TORIRT " INITIAL:  ",F5.0,6X,F8.0

217 (15,1580)F[I,1],R1,Y([1,1],d[1,1

a,u,uT " SUSTAINING:",F5.0,F5.1,F9.0,F7.0

.’-'UT.’T " 155111 HOWITZER"

S VCLLIY GUNS RATZ/ SPACING ROUNDS"
PiInT v MIN  METERS"

I (15,1670)3[1,2],1(1, 2]
PO, amon I 1ITIAL: ",5.0,6£,F8,0
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v
-

1:30
190
1700
1710 I
1720
1,50 °

140 :

150 .
170
1770
1780
1790
1500
1610
1870
1530
1540
1850
1860
1870
1680
1590
1900

1910 .

1920 |
1930
1940
1950
19,0
1970
1980
1990
2000
2010
2020
2030
2040
2050 .
200

2070 'f']'

2040
2090
2100
2110
2120
21590
2140

2150 S0

10
2170
2130
2190
2200
2210

JRIT.

‘(}ﬂT m
BT W”
PRINT
I‘T’\INT
CRINT

Jm

Ll
INT
DPRINT
PRIUT
PRI
PRINT
“.!'? IT

F ’7RI' 3§ '.I‘
I
TJva - ,’. m

Vi T m
Lk e

"Y).LJT
PRINT
X uIlIA.

2RINT
PRINT
PRIVT
VRITS
i ( LI‘AIL

JRIT S

(15,1690)F[1,2],21,¥[1,2],J(1,2]

\L

it

i
"

.JUSTAIITING'" 7.0,¥5.1,F9.0,F7.0

WP SMOKL SCREHEH"

105Mi HOWITZER"

VCLLEY GUNS RATE/ SPACING ROUNDS"

MIN  METZRS"

(15,1610)6¢[1,1],L[1,1]

"

3 (15,1830)01,1],R[1,1],2[1,1], 13

n
1"

INITI/Ls " ,064£,I8,0

UOTAINING‘ " ,F5.1,F900,F7.O
15511 HOWITZER"

VOLLLY GUNS RATzZ/ SPACING ROUNDS"

MIN  METERS"

(15,1920)¢{I,2],L[I, 2]

m n

“(15,1940):[1,2],R[T,2],2(T,2],P[1,2]

FORMAT "

DRINT
DUIRT

1 1I<3
POINT
PIiaNT
DoRIpn
PRINT
PRINT
WRITE

i

. fT 1
PRIUD
PRINT
‘L")T‘Im
JRINT
PRINmM

:T$T

THEN 2070

1"

1"

"

INITIAL: _ ",75,0,6X,F8.0

SUSTAINING:",F5.0,F5.1,F9.0,F7.0

WP SMCKi SCRE&N™

TOTAL"
ROUNDS™"

ROUNDS/
60 METERS

RATE/
HINUTw

(15,2040)0(1,1], d[I 1],P[1,1]

T"OT) /\ m n

LIT, (15,2060)°[1,2],R[1,2], PiI,2
15

JLT "

DI mRcETM

DATA
1):.'\..‘1“ "

ATy
Moant

miIT (IUROGUIT)
8 'V, 73703,7701,70 6

VI ).LL)L "

m'i I L

DATA "IIID IR: "

DATL
A'A i T)

rAR IR

losMy: ", F5.0,5X,F%,0,5%,F7.0
5M1:  ",F5.0,5X,¥3.0,5X,F7.0

{SOUQ\/J .JT? AII(I’«LIIU.
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P I..'

19.

20.
21.
22.
23.
24.

25.
26.
27.

28.
29.

30.
31.

QRO NN W -
e o o o o o o o

N<<CHADOOIXTOMMODODL>P>

A(7,9)
B(4,4)

c(4,2)

D(4)
E(4)
F(4)
G(4)
H(2,4)

1(7)
J(6)
K(6,3),L(6,3)

0(3)
P(4,2,2)

Q(4,2,2,2)

APPENDIX C

KWIK ALGORITHM (PRINTER)
GLOSSARY OF MNEMONICS (HPL/HP 9825A)

Ceiling - meters

Cloud cover - percent

Visibility - kilometers

Temperature - degrees Celsius

Dewpoint - degrees Celsius

Wind direction - degrees

Windspeed - knots

Atmospheric stability category

Slant range to target - kilometers
Relative humidity - percent

Smoke screen length - meters

Smoke screen duration - minutes

Angle of sight to target - degrees
Direction of line of sight - degrees
Average roughness element - centimeters
Roughness length - centimeters

Table of stability categories depending
upon solar altitude and windspeed
Table of transmittances resulting from
water vapor, haze/fog precipitation and
smoke for visual, near, mid, and far
infrared wavelengths

Table of smoke concentration values for
HC and WP smoke (by wavelengths)
Absorption coefficient error function
Scale height for Mie scattering

Haze and fog attenuation coefficients
Precipitation attenuation coefficients
Table of extinction coefficients for
calculating HC and WP smoke concentra-
tions for visible, near, mid and far
infrared wavelengths

Graphics scaling factors

Coefficients to compute sigma y
Coefficients of roughness correction
factor used in calculating sigma z for
the various roughness lengths

Yield factors for HC and WP

Latitude, longitude, altitude, Julian
date and Zulu time data

Graphics translator files

Total number of rounds required
(initial and sustaining) to maintain
HC and WP smoke screen

Number of guns (initial and sustaining
volleys) for 105- and 155-mm howitzer,
for HC and WP smokes (by wavelengths)
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33.

34.
35.

36.
37.
38.

39.
40.

P, R(4,2)

$(2,2)
T(2)

u(2,2)
V(2)
W(6)

X(4)
Y(4,2,2)

2(4,2,2)

AS(4)
B$(6)
C$(4,8)
D$(3)
E$(2,2)
G$(1)
G$(2)
ES(2)

Rate of fire for HC and WP smokes (by
wavelengths)

Unit (per gun) source strength
Munition efficiency for 105- and 155-mm
howitzer, for HC smoke

WP volume source sigmas (o, and o,.)
for 105- and 155-mm howitzer
Stability dependent crosswind inte-
grated concentration for WP smoke
Constant (K) related to stability
category for WP smoke

Wavelength threshold levels

Shell spacing for 105- and 155-mm
howitzer (initial and sustaining) for
HC smoke

Shell spacing for 105- and 155-mm
howitzer for WP smoke

Met site identifier

Stability category indicator
Wavelength indicator

Precipitation indicator

HC or WP smoke indicator

105-mm howitzer indicator

155-mm howitzer indicator

Direction from equator (N-S) and
direction from Greenwich (E-W)
indicators

Index for wavelength algorithms

Index for smoke algorithms

Index for gun (105- and 155-mm
howitzer) algorithms
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APPENDIX D
PRINTER (HPL/HP9825A) ALGORITHM
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4:
5:
L
B
o
7
16:
1l:
12:
13
1d:
i5:
lu:
17:
lo:

lv:

Ju:
39
IVES
41:
PP
43:
44:
45:
4o
47:
qu:
49
YU:
*21

"KwilKk oMOKE PRUGRAM - PAPER TAPL VERSION (08/20/80)":
uim A7,9),004),E14),0(2,4},916],KIl6,3],L(6,3]
ulm S14,4),c14,2),t14) ,Gl4],117),m(2],N(5]

aim Ule),r14,2,2),004,2,2,2],R(4,2],5(2,2]

aim t{2),012,21,vI{2),wi6],x(4),Y4,2,2]),u(4,2,2]

aim AS|4),8816),5814,8],08[3),E812),FS12,2),G$12,5),HS[2]

"LNiLIALIGAYION":

iaut llAl*llUl*]lbl*]lﬂl*llJ[*llK[*]'L[*]

" unll 50uRCE SIRENGLIHS":

1. 7+511,1):1737.3+5{1,2}):77.1+5{2,1];7076.2+58{2,2]
AL (Ll)+ife]
Sed2Ull,1lj;7.9»ul2,1);1.8+u[1,2);2.6+U]2,2)
LOlo+wWllfsw(2)*wi3d]l»w(d)»WI5)+w]6]

*  wAVLLENGYH THRESHULD LiVELS":

LS+ K[1)j+Xx12])-X({3]+K{4]

" PASQULILL s51AbIL11Y CATEGURY InDICATUR":
"AsCukb v

" O ANAVLLBENGTn LNwICATOUR":
“VioluobLE:"+CSiLl)"NLAR LRs"+CS{2) " "Mlw Ire "+CS[3];"FAK IR: "+CS[4])
" LATITUUE/LUNGI FULE DEFAULY DIRECIIOnNS":
"Nk "Ly

" SLWOKE 1YPE3":

"l »rS1l) " "weters (2]

" oxuKb DELIVLRY SYS1IEM WAMES":
"1056"+0S 1) ;" Lo5MM"»G5 (2]

"okl Sile INPORMATION":

ent "MbY1 S1it 1o" ,AS
cop(AS)»AS
ent “LATl1iubbk UF MLl SI1IYE - DEG",N{l}
TULRLCLTIuN PRI BGUATUR - N Uk 5":

"N"-LS{L,1]

cep(LS[l,1))+L$il,1)])

ent "LunNGliuuk OF Wul sIlk - ULG" ,w[2]
ent "VIRECLIUN FRUM GREENwWICH- B UK w",ES$([2,2]
cap(Ldle,2))»Ls12,2]

ifE w${2,2]="L" ;~nld}»nl2]

ent "ALiLiubL ur skl S51TE - KB",N[3)

ent "JUULlAN UATE Uk #bkTl OosbhvATIun" ,n[4]
ent "s4ubu tlab UbF HeT ULSLRVATLION" , NS
ekt fowkuro”:

Nt "ChlLiNnG = MLTLK3S" ,A

ent "CLluuw Cuvick - PERCLENLY ,o

ent "visiolonleY -~ wa",C

ent "pPrbCirliATIUuN - YLS GR nNO",US
cCap(LS)»uLd
ent “TLMPLEATURKE - VBEG C",D
ent "ukh Pular - VESG C",L
ent “winu LIRbCLTIUN =~ DEG™,F
ent "Wliu SkbbU - KNULS",G
ent "AvVbiikAob KUUGHNESS LLLMLNL - Ch",Y
ent "SLANT KANGL 1U TARGET - XN",0

334
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51: ent "AwGlhu ur o1Gnr Tu TARKGETL - DEG" ,U
22: 1f u<y;-u-»u

5 sin(u)+*u

54: ent "LDIkECLIOW ub LINE OF SI1Ga1l - DEG",V

(%
W
.

55: ent “LbnGtd Or SHURE SCREEN - MBTEKRS", k
5b: e¢nt "DURALL1UN UF Stukbk SCRbibwyw - MIn",T

57 “wikl CALCULATLONS" @

53: 1t vslluz;gtc "KiOOO"™

5% it Ad>2133.0042;9tc "KluOO"

ou: Urry

bl: U-»rl

be: gte “"alayu®

od: "KluOu“:

oa: "CALCULALL ANGULAK tKRACIIUN UF A YBLAK Fuk A GIVEN JULIAN DATE":
09: (wnl4aj-1l)*360/3065.244+r9Y

vh: "CALCULALL SULAK UDBECLINATION ANGLE":

v7: 279.9348+r5+r1l

b8: rll+l.914527*sin(ryY)-.079525*ccs(ry)+rll

v9: rll+.019Y93v*s1n(2*rY)-.00le2*cecs(2*r9)+»rll
TUs 23.44338~-r12

il: sin(rl2)*sin(rll)-+rl3

Tz: asn(rl3)+ris

73: "CALCULAGL 1isb Or MERIDIAN PASSAGE - TRUE SULAR NOON":
/4: L2+.12357*sin(rY9)-.004289*cos(r9)+rla

75: rld4+.1530U9*sin(2%c9)+.000783*%CcCcs(2*r9)»rla
Ju: "CALCULATL SULAK nuuR ANGLE":

77: lo*(w(Si-rlg)~-uwi2]l»rls

78: "CALCULATE SuLAx AL ITuwbk":

79: sin(wil])*sin(rl3)+cos(N[l]))*ccs(rl3)*cos(rls)+rle
8u: asn(rlo)+rle

ol: "CALCULATL LNSULALIUN CLASS NUMBLEK":

8e: Urrl

3: 1f rie>eu;d~+rl;ytc "K1100"

vd4: 1t rlou>33;3»rl;gtc "K1100"

vo: 1f rle>ls;2+rl;grc "K1100"

sb: 1f rlo<=0;ytc "K13G60"

v7: l-rl

b8: “K11l0U":

89: "cALCuLA'lE NEY RADLIATLIUN INUEX FUK LDAY'TIME":
SU: U+r2

Jl: 1f b<=50;rlsr2;g9tc "K1l200"

32: 1f A<21l33.0vdi;rl-2+r2;gtc “K1200"

Y3: 1f A<4870.80Y6;rl-l+rz2;gtc "K1200"

vw4: 1f 8=100;rl-l+r2

y5: “"K1l200":

vo: 1f re=v;rl-r2

yY7: 1f r2<l;l+1 2

Yo: re*ru;gtc "K1400"

99: "Kl3uQ":

L00: "CALCULAYLE Nbt RAvlATIUN ITaUBX rUb WIGHLTIME™:
LUl: 11 p<4U;-2+r0;9tc "K14u0"

*lo4ul
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g —rv o————r—vy I' -

loZ:
lud:
104
1Uo:
o
107:
1o
luy:
110:
11l1:
112:
113:
Lla:
1lo:
Llo:
117:
1lu:
119
L2v:
121
122:
1232
124
leh:
1262
127:
Lev:
129:
13u:
L1sl:
132:
133:
L 3a:
L1308
1l 3u:
L37:
L 3oz
L39:
140
Laks
Lald:
La 3
Laa:
14o:
146:
la7:
14y
laa:
lsu:
1ol:

Loz

i £ ¥
"kil4uu":

"CALLULATLE YaowUlLL slAplLIlY CATLGURY":

J*L4;U*L >

¥ ru=4;1+r4
1f ruU=3;2+rsa
1L rtU=2; 3~14
1f ru=1;4-r4a
1f rU=vu;5-+r4
if ru=-1;o*ré

1t tUs=s-2;7+c4

if G<2;l»rh;9te "KLI500"

if w<4; 2+r5;9tc "K1500"

if w<o3+rS;9tc "aloud”

it <734+ 5;9tc "KI500"

if U<d;5+*rhy;gre "Kisug"®

it G<lUj;o»ro;gte "KL500Y

1f L<11l;7+r9;49tCc "nl500"

if $<12;B+r5;9gtoc "Kl5u0"

JeLH

"klou0":

A{ré,rs}l»n

"CALCULALE KRuLAVIVE dumloliy":
it LOU;YTU "R16U0"
9,5+rU;265.5+1rl

gto "KL7ud"

"Klou0":

7.9+r0;437.3+rl

"Rl7U0":

it Lyu;gro “"Klsou"
F.0*02;205.5%13

Jre "Kivuo"

"Wlouu®:

T.5+0 434387303

"Kivuu":

o ll*lu T (Luru/(rl+p)) »r4

O AL*M0 T (re*e/ (K3 +L)) »L5

Lo/ 4*ldu+ry

txa ¢

E‘r t " "

prt
[ 4 A pon Ikl ow”
P " pAPLNULLURES"
pr t " IUK"

pre dC AnD wp"
pre " ShukE"

E-lr t " (1]
P[ (- " "
prt "ilu
prt "Lauw
P " LUNG

" "

"&Aé
"apSl{l,llEstr(nil})
"skolld,éjastr{avs(nid}))

*luuyu
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P P T VY

A e vt R T

153: prt "aly
L54: prt "wAlL
155: prt “iidb

"astr{wf3])
"astr(w| 4))
"eastr(il95))

15o: prt “Cull "§3tr(A)
157: prt “SKY "astr (p)
ibs: prt "vio ="astr(C)
15%: prt "pPrReCir = “"&US
lou: prt "ieap ="ystr(w)
lbol: prt “iu ="ystr (L)
lvoé: prt "wu ="&str (F)
lbd: prt "wd ="&str(q)
Lo4: prt "aknn ="4str(Y)
lob: prt "poo = "&e$Sin,H)
loo: prt "Ra ="gstr(yw)

lo7: prt " "

log: pre ™ "

lov: "AtmMuSkobKRIC OPLLICO CALCULALLUNS":

170: In(C)+ru

l/1l: ru*ru+»rl

L7r¢2: rl*ru-r2

Lig:s L.5551-.9811*r0-.0l97*rl+.0041l*re+»r(l}

174: exp(rilj)=r{l]

175: 1.50361511-.992319519*1U0-.01597280L*c1+.003068583*%r2+}1|2]
L70: exp{ri2])+rlej

L77: 1L.2394-1.0436*ru+.0099*%rl-.ulle*r2+F[3}

178: exp(etsl)+sel3]

179: 1.5176-1.7147*r0+.00ul*rl+,0428*r2+F[4]

Lvus: exp(rld4))»rl4])

lol: 1.3300-.8025%ru—-.0753*ri+.0129*r2+G{l]

lo2: exp(GlL))»G(1]

153: 1.40i951/07-.9225589*ru-.0055u9417*r1+.013680422%r2+512)
Lvg: exp(Si2))+6l4])

Lot 1.9556-.9013*%cu-.0773*%1+.0173%12+G|3]}

lob: exp(Gl3])+6L3]

lo7: L.5928-.93%0*%ru-,0027*rl+,0108*r2+»G[4]

lobv: exp(Gla))+uld)

lvYy: uU-+ro

lyuv: 1L usL;l/u+r Y

1vl: “oaLCuLAalb PReClrliAbbe wATBK":

1Y2: 4477+.u3s6%nta,.ce-3%5  2+41,.84e~-5% "3+l

193: "CALCULALIL AlULuni JUb wWATLR vAPUR Liv PATR":

1v4: usrl;u»rl;ru~rd;.5%(rl+re)»r3

lys: £Zz-rl+r4; .c080751*%r14+>r>

19b: .5*rd* (coan (E3405)+ tvA  (L£3-L5))>rY

lv7: rll*ry+»xlo

176 "CaLCubAtle TRanShll LANCE FUk vISloLb - ~BAR, MIU ANU EAR IR":
1v4: Lor 1=1 tC 4

200: "CALCULATL TRaNSHLLITANCE UwlaG U ALTLNGATLION SY wWATLK VAPOK,"
20bl: 1f i=ajexpf{-.Joolrrluj+o(l,lf;yte "niould"

LUy ull)y*y(rlOo®*n)/e+xru;0+1l;rv+12

203: O*(rl+re)»t 3

*1le715
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ey

cua: Le-rl-rd
: 2UL: JLobo7al*r4+r5
1 ZU0: W0 Ca%(‘ron (£3+L0)+ ‘rwb (C3-r5))+rl2
uls 2/yn*ridecii,l]
ewes L=of{s,l)*0o1d,1]
Uve: "wloldu":
{ ¢lus "CALCULA'IL LtannombiitAnCE Uwlas 10 AVTENUATION 8Y nAul ANL rOG.":
_ 211 1r ws="Yuo"j;lsuil,2);9tc "K2900"
izy 1t Co=n i) ate "K2800"
b ¢l3: rosruju+rl;rurrs
clar JO*(rl4rz)+roy
2157 £4-rl-r4
iU J2bB0GT751*r4+r5
Sli: 5% r4* (ol T (r34r05) 4 rwC T (r3-r5))+rli3
s 2lo: exp(-r{ij*rl3)»rlqg
ﬂ £L19: U-ro+rure+rl;ru+ri+rl
: 22ur JOF(rl+rs)+r3
21l re-rlerg
2443 J2BYOTO1l*ra+rS
223t JB*r4*(“rab (L3+D5)+ row T (r3-15))+rls
¢24: e@Xxp(-.liu*rlsv)+rlio
45t Li4*rlo»oiL,2);9tc "Rewuu"
cius "neouvu":
el ULLUU»LL; LU+ 3% (Li+r2)»r 3
226: Li~Li+r4;.2080751*r4»>5
L29% JOFL4*( tuwl (C34L5)+ rwl (r3-r5))+rl?
: 230: @Xp(=rdil*rl7)+s11,2]
1 31 “"KRZAYUU":s
23 "CALLCuLALL rnANSMIVIANCE unlive 1'v ATTENUAYLLUN BY PRECIPLTALVION":
233: 1t us="wu";Lles|1,3) 9t "K3100"
c34: 1L Cozupleoll, 3139t "K31luo"
4327 CXp(-v*GlL])»olL,3]

4563 "ARsluu":
? 237: "CaLCuLAlL 1xANSHLILITANCE UwldG Tu ATTENUATION BY SMOKE.":
¢lor aldl/(oll,1)*oil,21*u{1,3])+s11,4]
¢3u: 1t o{l,4]>l;i*0u{4,4]
24U "CALCULALE Lioe Ur S106ui 1nleGrATLL CunChENTRATIION." @
¢ 241: 1t o|l,4)40;49te "n3400"
L. 2ag: tor u=l te L;u+ClI,J})
L 243: next J;gte "K3475"
244: "nR3400":
245 ter J=]l tce 2
246b: 1t ulu,b)=0;u*ClLl,u)9tc "K3450"
¢4/: in(oli,a))/~ulu,1]+Cl1,d}
240: "K345U":
24v: next u
cows "n3475":
2u1l: next 1
252: "AimuokuhiC virkUsiUn CALCULALTIUNS":
293: LT (=l.24+1.19*%1cy(Y)) s
2o4: abs(v-r)-+rY
*lodou
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Py

P20 T 3
Zoue
P2 I B
AT
Pille I
ANV
Lol
VA YA
<o ld:
204:
PRI
200
AW
cbd:
PAV
VAV
271:
27¢:
2735
274
273
270:
271
27d8:
279:
230
81:
AW
PRI
A
PR
2b0:
AW
lou s
PAID M
PAS JVI
221
A WA
2931
24
295:
Y0
297
VAR
2991
3u0:
3ul:
ul:
3J3:
U4
3Uub:e
* 2550

v(l3.09/(13.09%c1n(ro)*sin(rs)+cecs(rdb)*cos(ry)))+rls
1.09021567+,02900094* —4.9375e~-4* *ytrd.ole-orur rusM(l]
3.504U59144+.0uunu2571%~1.1lb3ule=-3x*+1.33942e-5%*(*y+M|{2]
Mla, Li+nlu, g *arKlu,3)% e 21y
Linh,li+uta,2)*etuln,3}*s"2+1r10

l/7clyusrll

1t G=J; l»y

Olo*urrlio

ter 1=1 te 4

"CALCULALL Chuoonlivb IoaThCRATLL CONCLNTRATLION FUK WP SHOKE":
ror n=1 te 2

1 1<3;1f >4;9tc "KusHUO™

uln, 1j+.74*J(dj*l00".Y~r4

Uln,2)+.607%r9%1007rlU+1r5

Wil j*M 2]l *s{K, 2]/ (n*rd4*rS)+v (K]

"A3500":

"fmon LIl wAPENULLTURE CALCULATIONS":

1t I>2;9tc “K41lou"

"CALCULALL INLTEAL Snoll SPACING FOR dC SMUKE":
£16*45+yY11L,1,K]

"CALCULALTE SUSTALIWING sHbELL SPACING FUR HC SMUKE":
if Cli,1l)%0;gtc "K36U0"

U+Y|lLl,2,K});9tc "K3700"

"K3wuu":

Lzclo* (L 731% 4 [R)*M{L)*s(K, L} /(ClL,1]*cloe*r9)) " rll>Y(4,2,K]}
1E Y{1,2,0i>R;K*Y | L,2,K])

"KITO0":

if Yii,2,8)=0;1+l),Ll,8,1]+wll,2,K,1]{;9tc "K40UQ"
"CALCULAYL InNLIVLIAL vuLlBEY ruR HC SHMOKE":

1f Y(l,l,K)>Y|L,2,K):Y(L,2,K]+Y{i,1,K]
N/Xll'l'K]‘Qllllrﬂrl]

1t tro(wll,l,<,1))>0;int(wil,l,K,1})+l>ul{Li,1,K,1]
"CALCULATL wUinbBrk UF GUNS FUR SUSTALNING VUOLLEY3S (RC)”":
“/Xllrzrﬂl’ullrzlﬁol]

1f Lre(uii,2,n,1])>05int (e, 2,8,1])+1+0ulL,2,K,1]
“ig 1U0" e

"KALL UF rirRb FuR dC Semwwhkb™:

.o+*p;1f C{l,ll=u;0+p

"CALCULAYE 1utAL wurlbER UF RUUNDS RbEwULIRED (HC)":
Gldl, L, K, L] +u(L,2,K, 0] *(pP*r-1)+»pr(L,K,1]

if tre(e|l,K,11)>0;int(r(l,r,1])+1l+P[1,K,1]

"K4100":

if 1<3;1f ti>4;g9to "K43u0"

"SubbL SPACING (af |) & VOLLEYS (Wl ]) - we":

it C{L,2)80:gtec "K4120"

Jreoll,l,n}+¢11,2,K)

O+wil,l,n,2]+ClL,2,K,2]

gto "K4lsu"

"K4120":

if 1>2;.0*ClL,2) /viK)»ull,1,K,2];9t0 “K41l40"
via]/ClL,2}*10U+0ll,1,K]
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3Vu:
Juil:
EIVE-
3UY:
310:
311:
312:
313
3la:
315:
316:
317:
Jlu:
31ly:
320:
341
322:
3433
3c¢4:
345:
326
327
324
349
330:
331:
33z
333:
334:
335:
330
337:
33u:
339:
340
3414
342:
343:
344:
345
34vu:
347:
3442
349
350
351:
354
353
354
355
3506
* 71502

sll,l,RKi+4lL,2,K])
wf/6l1l,2,8)+wli,1,K,2
"K4140":

int(wii,l1.K,2]))»rl

if rre(wll,1,K,2))>0;cl+l+rl
rl"QlllllKlZI’Qllrchrz]
"K4ldu*™:

"KALE OF FIRE FUR wP SMUKE": 9
if C{1,21=0;0+R[L,K];gtc "K4200"
it 1>2;120/rle+k[1,K);g9to "K4190"
(4(1,2,Kj+00)/rle+R[L,K] 1
"K4190":

Rid,K)/20+x[1,K])

int (R{L,K})+rv

it frc(R{L,K])>=.5;int(R(I,K])+1+r0

1f ru=0;1+rv

rO0*20/6U+R|[,K)

1/R{I,n]»r1L,K]

1f rRIL,K}<L1;1+R[I,K]

"K4200":

"CALCULALE 101TAL NuMbbR OF ROUNDS REQUIREL (wP)":
if C{1,2]=0;0+P[I,K,2);9t0o "K4500"
QlllllK'2]+Q[lllelzl*(AP*R[IIKl-l)’P[IIKlzl

1if I>2:;0l1,2,K,2)*(R/60+1L)* (T*R[I,K]-1)*P[1,K,2]
if fre(e(l,K,2))>0;int(P|{I,K,2])+1l+P[]I,K,2)]

gto "K4500"

"K4300":

"CALCULAYIONS FOR wr E & F STABILITY CATEGORIES":
"IwIT1AL sSabLL SPACING - WP SMUKE":

1t I=1;if K=1;100+2(1,1,K]

it I=2;it K=1;50+2{1,1,K]

if 1<3;it K=2;100+2(I,1,K]

"SUoLAINING SHELL SPACINC - WP SMOKL":

it 1=1;if K=1;10U+4[1,2,K]

il I=1;it K=2;200+2{1,2,K]

1f I=2;1t K=1;50+4({1,2,K]

if 1=2;1€f K=2;100+24{I,2,K]

"InITLIAL VULLEY - Wy SMOKE":
w/oil,l,K}j+l+u(i,1,K,2]}

"SusTALNLiNG VULLLY - WP SMUKE":
R/z‘lllzli(]+l*\4[112'k(n2]

"KALE UF FlIRE - WP SHUKE":

1t K=1l;2+»x{l,H]

it K=2;1+k[4,K])

"PULAL NUJILER OF Wp ROUNDS REQUIRED": 1
il, 1, K, 2} +0tL,2,K,2)*% (I*R[I,K]-1)+P[1,K,2]
"K4500":

next n

next 1

txa U

tcr I=1 tc 4
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e Py L a0 s e 2a o .y

357: prt

354: prt " "

‘)59: [J[t UEEEEEEEEE RS RS X N

3bus prt " "&CS (1]

36l: pre * "

302 prt " "

363: prt "sSCrubw"

364: prt "  LEsCTd: "&str(int(R))
365: prt " oDuRATIuN:"&str(int(r))
Jub: tcr y=1 tc 2

suls 1f u=l;ir 1>2;9tc¢ "FIRsY R"
Jud: prt " "

3by: pre " "

370 prt £s{u]sa” SHUKE SCREEN"
371 "rlIst K":

372: fcr r=1 tce 2

373: 1t J=1;it 1>2;9tc "WEX'T K"
374: 1f 1>2;gtc "M&fF iR"

375 prt " "

37v: prt " "

377: prt " "&§GY K]

378 prt " "

379: prt "“vuibLryY"

dou: prt " "

38l: prt "LolUlAL: "

3vd: prt " Guns"

3nd: prt "sstr(w(l,l,K,J})
384: prt " "

Joo: pre " SPAC LnG"

Jso: prt " 4B TERSY

Ju?: if u=l;prt " "&str(Y[(I,1,K])
J88: 11 J=2;prt " “&str(s(1,1,K})
3uv: prt " "

390: prt "SUSTAINING:”

391: prt * Guiis"

3y2: prte " "sser(ull, 2,K,v])
393: prt " "

Jva: fxd 1

395: prt " RATE/"

396: prt " sMIN"

397: if u=l;prtc " "sstr(p)
3Yo: if u=2;prt " "sstr(R[(1,K])
3vY: prt " "

400: fxd o

4Ul: pre " SPACING"

402: prt " AR 1TEKRS”

403: 1t U=l;prt " "sstr(YlL,2,K])
404: 1if u=Z2;pre " "sstr(ill,2,K))
405: prt " "

400: prt " Ruuus”

407: pre " "sstr(e(I,K,J])
*18000
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[ 408: pre " "

- 4U9: 1f 1<3;9tc “WEAT K"
410: "M&r 1x":

411: prt " *

41l2: pre " "

413: prt GS|Kj&":"

4l4: prt kuunpS/"

415: prt " 6U METLRS" )
416: prt " "gstr(Qli,2,K,Jd})

417: pre " "

418: Exd 1 4
419: pre " KATE/"

420: prt " MINUYE"

421: prt " "astr(xll,K])

422: prt " "

423: txa O

424: prt " TUTAL"

425 prt KROUNUS"

426: pre " "sstr(rll,K,Jd])

427: prte " "

4203 "wWBX1l K":

425: next K

430: next u

431: next i

432: pre " "

433: pre * "

434: asp "LuUiNL"

439%: enu

43b: "ruNCLlIONS":

437: "ruA":ret exp(-u*pl/2)
438: "rus":ret exp(-gl”2)
439: "raC":ret exp(pl*u*ln(.1/r[1}]))
440: "rNL":ret exp(-pl*u/4.1)
* 32707
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APPENDIX E

CRT KWIK ALGORITHM
GLOSSARY OF MNEMONICS (HPL/HP 9825A)

1. A Ceiling - feet

2. B Cloud cover - percent

3. C Visibility - miles

4. D Temperature - degrees Fahrenheit

5. E Dewpoint - degrees Fahrenheit

6. F Wind direction - degrees

7. G Windspeed - knots

8. H Atmospheric stability category

9. 0 Slant range to target - kilometers

10. Q Relative humidity - percent

11. R Smoke screen len